Since most cancer incidence is related to the accumulation of gene mutations, 1) the majority of cancer patients are of the elderly generation and cancer is the highest cause of death for them. These generations are often referred to as "cancer age" and cancer seems to be one of the age-related diseases.
Since most cancer incidence is related to the accumulation of gene mutations, 1) the majority of cancer patients are of the elderly generation and cancer is the highest cause of death for them. These generations are often referred to as "cancer age" and cancer seems to be one of the age-related diseases. 2) On the other hand, cancer development is known to depend on the surrounding host environment. 3) For example, tumor cell growth in the young is faster than that in the aged due to alterations in host factors. 4, 5) Thus, it is possible that the aging process also affects cancer development by alteration of the host environment. 6, 7) Cancer metastasis is often the critical trigger for the death of a patient. It begins to dissociate from primary sites and culminates with the formation of metastatic colonization. 8) These processes are very sensitive to the surrounding host factors such as the host resistance to cancerous cells. In a previous study, we suggested that it is a critical step for tumor cells in experimental tumor metastasis to avoid the host immune surveillance associated with immune cells such as natural killer (NK) cells and macrophages. 9) Because the early accumulation of metastatic tumor cells in the target organ well reflected the eventual tumor metastasis, it was demonstrated that the immune system functioned to remove the tumor cells from the bloodstream and the target site in the early stage of tumor metastasis. 10) From these observations, we speculated that the experimental metastatic potential would be altered with age due to the age-dependent alteration of host resistance to the metastatic tumor cells. In the present study, we investigated the alteration of experimental tumor metastasis between young and aged mice using senescenceaccelerated mice (SAM).
The SAM prone (SAMP) strain was originally established as a mouse model for aging research 11, 12) and shows a more accelerated senescence process than normal mouse, such as a shorter lifespan, a compromised immune system, and development of several geriatric disorders which are frequently observed in aged humans. 12, 13) Thus, we theorized that aged SAMP was a more appropriate model for cancer research than the young healthy mice usually used in experimental models. We used one of the SAMP strains, SAMP10, which showed several geriatric disorders such as brain atrophy. 14, 15) In the present study, we investigated the alteration of tumor metastatic potential with age in those mice: 2-month-old SAMP10 was used as the "young" model and an 8-monthold as the "aged". Alteration of the NK activity with age was first examined, because NK cells are well known to work on the first line of defense against mutant cells such as cancerous cells. 16, 17) Next, we investigated the early accumulation of highly lung-metastatic K1735M2 melanoma cells in the target organ using positron emission tomography (PET) and the 5-[ 
MATERIALS AND METHODS
Animals Senescence-accelerated mouse prone 10 (SAMP10) was purchased from Japan SLC Inc. (Shizuoka, Japan). Two-month-old SAMP10 was used as young and 8-month-old SAMP10 as aged. They rapidly began to show several senescence symptoms such as brain atrophy and dehairing from about 6-months-old, and thus we used 8-monthold SAMP10 mice as an appropriate model for the cancer prone age.
Cells Murine highly lung-metastasic K1735M2 melanoma (K1735M2) cells were originally established by Dr. ) and kindly given us by Dr. Jun Yokota at National Cancer Center (Tokyo, Japan). These cells were cultured in Dulbecco's modified Eagle medium (DMEM) containing 10% fetal bovine serum (FBS, Japan Bio Serum Co., Ltd., Hiroshima, Japan) at 37°C in the presence of 5% CO 2 in a humid atmosphere. NK-sensitive YAC-1 cells were purchased from the RIKEN Bioresource Center Cell Bank (Ibaraki, Japan) and cultured in RPMI1640 medium containing 10% FBS at 37°C in the presence of 5% CO 2 .
NK Activity Assay To prepare the effector cells for the NK activity assay, young and aged SAMP10 were sacrificed and their spleens sterilely dissected. After mincing the spleen, the splenocytes were carefully flushed several times with an 18 G needle-tipped syringe and passed through nylon mesh (41 mm-pore size) to prepare the singlet cell suspension. The resultant cells were washed twice after removal of erythrocytes, and the number adjusted to 1.25, 2.5, and 5ϫ10 6 cells/ml. On the other hand, mouse NK-sensitive lymphoma YAC-1 cells were used as the target for 51 Cr release assay. The cells were incubated with Na 2
51
CrO 4 solution (GE Healthcare UK, Ltd., England) for 60 min at 37°C to radiolabel with 51 Cr. After removal of free 51 Cr, these cells were resuspended at a concentration of 1ϫ10 5 cells/ml. The NK activity of each mouse was measured by 51 Cr release assay as follows: Both the effector and the target cells were added to 96-well plates at the ratio of effector to target (E/T) of 50 : 1, 25 : 1, and 12.5 : 1, and incubated for 4 h at 37°C. After centrifugation of the cell suspension, radioactivity released into the supernatant was determined by a gamma counter. The spontaneous release and the maximum release were determined by adding RPMI medium containing 10% FBS or 0.1% TritonX-100 solution to the target cell suspension, respectively. The specific cytotoxicity of NK cells was determined using the following formula:
Positron Emission Tomography (PET) Study K1735M2 cells were radiolabeled with [2-
Shizuoka, Japan) as described previously. 18) In brief, they were incubated with [ 4 cells/mouse for injection. PET study was started immediately after intravenous injection of the cells into young and aged SAMP10 via a tail vein and the image was scanned for 120 min with a SHR-7700 PET-camera (Hamamatsu Photonics K.K., Shizuoka, Japan). The accumulated image in the lung every 15 min and the time-activity curves obtained from the mean pixel radioactivity in the region of interest (ROI) of the PET images were used to evaluate the accumulation of tumor cells in the lung. After the PET scan, the mice were sacrificed under anesthesia with diethylether and the biodistribution of 18 F-labeled cells was confirmed with a gamma counter. cells/mouse for injection. These cells were intravenously injected into young and aged mice. At 24 h after the injection, each mouse was sacrificed under anesthesia with diethylether to collect the blood and organ (heart, lung, liver, spleen, and kidney) samples. The accumulation of tumor cells in each organ was determined by the radioactivity. Distribution data was presented as % injected dose per tissue. The total weight of blood was assumed to be 7.56% of the body weight.
Distribution of Metastatic Tumor Cells
Experimental Lung Metastatic Model K1735M2 cells (5ϫ10 4 cells/mouse) were intravenously injected into each mouse via a tail vein and allowed to form metastatic colonies in their lungs. Twenty-one days after injection of the tumor cells, the animals were sacrificed under diethylether anesthesia, and their perfused lungs were isolated. The tumor metastasis was evaluated by counting the number of metastatic colonies on the surface of the lungs.
Statistic Analysis The variance in a group was evaluated by F-test, and the differences among the mean number of metastatic colonies were evaluated by Student's t-test.
RESULTS

NK Activity in Aged SAMP10
In the previous study, we suggested that the metastatic tumor cells interacted with immune cells such as NK cells and macrophages in the early stage of experimental tumor metastasis, and that avoidance of their immune surveillance was critical for the completion of tumor metastasis.
9) Thus, we predicted that the process of aging might enhance the tumor metastasis because it would decrease the host immune surveillance potential. Therefore, we first investigated the NK activity in young and aged mice as an index of the immune surveillance potential. SAMP10 was used as an aged model in this study because it showed senescence characteristics in less than 1 year. 12) As a result, the NK activity of aged SAMP10 was significantly decreased in comparison to that of young mice (Fig. 1) . This NK activ- Cr-labeled YAC-1 target cells (T: target cells). The radioactivity released into supernatant medium was measured by a gamma counter and the NK activity was determined as the formula described in Materials and Methods. Significant differences from "young" are indicated ( * pϽ0.05; * * pϽ0.01). Similar results were obtained in a separate experiment.
ity was dependent on the number of effector cells which were the spleen cells sacrificed from each mouse, and the decrease in NK activity of aged mice was observed at every E/T ratio (Fig. 1) . This result suggested that the immune surveillance potential of SAMP10 was decreased in an age-dependent manner.
PET Analysis of Metastatic Tumor Trafficking in SAMP10 To investigate the difference in tumor cell trafficking between ages, we performed the PET analysis to observe the early stage of tumor metastasis non-invasively in real time. The previous study indicated that the early accumulation of metastatic tumor cells in the target organ strongly foretold the eventual tumor metastasis in experimental metastatic models. 9, 18) The accumulation of [ 18 F]FDG-labeled K1735M2 cells in the lung in young and aged mice was observed: Lung is known as the target organ for K1735M2 cells after their injection into the bloodstream. Figure 2a shows the accumulated image every 15 min in the lung, and it is apparent that the tumor cells gradually began to remain in the lung of aged mice more than in that of young mice 90 min after injection. Actually, the subsequent accumulation of K1735M2 cells 120 min after injection was higher in aged mice (Fig. 2b) . These results suggested that the aged mice tended to fail to remove metastatic tumor cells from the target organ in the very early stage of metastasis, perhaps due to the decreased immune potential in these mice.
Distribution of K1735M2 Cells in SAMP10 PET
analysis is suitable for the investigation of very early trafficking, usually up to 2 h, of metastatic tumor cells. On the other hand, a biodistribution study using [ 125 I]IUdR-labeled cells enables examination of the distribution of these cells up to several days, although it is an invasive method. Therefore, we next examined the further distribution of tumor cells using the [ 125 I]IUdR-labeled K1735M2 cells were intravenously injected into young and aged mice, and their accumulation in the lung 24 h later was measured: the 24 h-accumulation of these cells in the lung was significantly higher in aged mice than that in young mice (Fig. 3) . This result also indicated that the cell accumulation in the lung after the intravenous injection of K1735M2 cells was impaired by age and reflected the PET result.
Age-Dependent Alteration of Experimental Tumor Metastasis in SAMP10 Finally, experimental tumor metastasis after injection of metastatic tumor cells into the bloodstream was investigated. K1735M2 cells were intravenously injected into young and aged SAMP10, and they were allowed to form metastatic colonies in the lung. Intravenous injection of 5ϫ10 4 K1735M2 cells resulted in the formation of some metastatic colonies in the lung of aged mice whereas those in young mice were rarely observed (Fig.  4) . This result indicated that the experimental lung metastasis occurred significantly in aged SAMP10, suggesting that the process of aging might enhance the tumor metastasis. 
DISCUSSION
Aging occurs to all of us and brings various alterations in a body. In particular, the process of aging brings the alteration of homeostasis including the decrease of various functions in organs. 20, 21) Actually, aged people tend to assimilate diseases easier. Cancer often develops in middle age or later except the particular type of cancer such as leukemia, meaning that cancer development is definitely affected by the change of host environment with age. 22, 23) Despite these statistics, very young animals have been widely used for basal cancer studies such as the evaluation of cancer therapy and cancer prevention, since it takes a long time to prepare aged animals. In the present study, we investigated whether experimental tumor metastasis was altered with age. We used 8-month-old SAMP10 as a model for cancer age humans, since this model showed several accelerated senescence processes such as dehairing and brain atrophy.
12) It is still not clear why SAMP acquires these characteristics, however, they do adequately reflect human aging. 24) In blood-borne metastasis, it is generally known that a certain number of metastatic tumor cells is required for the establishment of a metastatic focus, since a small number of tumor cells might be removed by the host immune defense system. In fact, we previously observed that the injection of a small number (1ϫ10 4 ) of lung-metastatic B16BL6 cells or liver-metastatic RAW117 cells did not create metastatic colonies.
9) PET analysis of the metastatic tumor cell trafficking revealed that retention of the metastatic cells at the target sites was lower when a lower number of cells was injected into the bloodstream. 18) Furthermore, in mice pretreated with 2-chloroadenosine, which can exhibit a lethal effect on mouse NK cells and macrophages, the early accumulation of tumor cells at the metastatic organ and actual tumor metastasis were observed, indicating both the importance of immune surveillance at the early phase of metastasis and that this event had adequate impact on actual tumor metastasis. 9) In this study, we first compared the potential of the immune surveillance system between young and aged SAMP10: The cytotoxic effect of splenocytes derived from both groups against NK-sensitive YAC-1 cells was investigated. In particular, NK cells as well as macrophages are generally known to associate with innate immunity, especially immune surveillance, and to exist as the first line of defense against exogenous agents and mutated cells such as cancerous cells. 10, 25) There have been trials using NK cells for cancer immunotherapy because of their strong and specific activity against cancerous cells. 25) As shown in Fig. 1 , we found a decrease in NK activity in aged mice compared with young ones. Since aging is thought to relate to the accumulation of oxidative stress, 3, 26) it is possible that an age-dependent burden of oxidative stress causes degradation of the immune defense system against the tumor cells. In fact, NK cells are known to be quite sensitive to oxidative stress and their activity is often affected by reactive oxygen species. 27) This evidence supports the idea that the aging process produces a susceptible environment for tumor cells in the bloodstream to metastasize. Secondly, to elucidate the differences of tumor metastasis between young and aged SAMP10, we used PET to analyze the trafficking of metastatic tumor cells non-invasively in real time. PET analysis indicated that [ 18 F]FDG-labeled K1735M2 cells tended to remain in the lung of aged mice, whereas they rapidly disappeared in that of young mice (Figs. 2a, b) . Furthermore, [
125 I]IUdR-labeled K1735M2 cells significantly remained in the lung of aged mice 24 h after tumor cell injection (Fig. 3) . These data suggested that, in aged mice, the tumor cells injected into the bloodstream began to accumulate in the target organ at an early phase of experimental metastasis, although in young mice these cells were removed from that organ. When SAMP10 were pretreated with 2-chloroadenosine, the accumulation of [ 125 I]IUdR-labeled K1735M2 cells in the lung was enhanced (data not shown). Finally, we performed an experimental lung metastasis assay in young and aged SAMP10 and found that a larger number of metastatic colonies of these cells at the lung was observed in aged mice (Fig. 4) . Furthermore, when 13-month-old SAMP10 mice were injected with the same number of K1735M2 cells, many more metastatic colonies were observed than in 8-month-old mice (data not shown). These observations indicated that aging facilitates the formation of metastatic colonies in the target organ after cell injection into the bloodstream. Spontaneous tumor metastasis, however, is processed through various steps and the experimental tumor metastatic model used in this study mimics only part of the process. The characteristic of tumor cells in aged animals is known to be different from that of the cultured cells and the former generally shows their senescence. 20, 22) Furthermore, it is reported that solid tumor growth in aged mice is different from that in young mice: it is more malignant in young mice because of the alteration of the surrounding environment and the subsequent angiogenesis. [28] [29] [30] It is uncertain whether spontaneous tumor metastasis is impaired or enhanced with aging. However, in this study, our findings suggested that tumor metastasis was enhanced in aged animals once the tumor cells had come into the bloodstream.
In conclusion, we demonstrated that aging produced a susceptible environment for metastatic tumor cells in the bloodstream to complete metastasis, and one of the reasons it occurs is due to the decreased immune surveillance potential with age. Since the responses of aged animals are different from those of young ones, the use of an aged animal model including SAMP in such cancer studies as therapeutic and for preventive evaluation may reveal more predictable results for actual human cancers.
